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osting by EAbstract Three ﬁeld populations ofCx. pipiens (L.) mosquitoes were collected from three different
localities in Riyadh city. They were tested for developing resistance against commonly used insec-
ticides to control mosquitoes in Riyadh. Two populations from Wadi Namar (WN1 and WN2)
were highly resistant to deltamethrin (187.1- and 161.4-folds respectively). The ﬁeld population
from AL-Wadi district (AL-W) showed low resistance to lambda-cyhalothrin (3.8-folds) and mod-
erate resistance to beta-cyﬂuthrin and bifenthrin (14- and 38.4-folds respectively). No resistance to
fenitrothion was observed in WN1 population. Fenitrothion concentrations required to inhibit 50%
of Acetylcholinesterase (AChE) activity in both WN1 population and the laboratory susceptible
strain (S-LAB) were 0.073 and 0.078 ppm respectively. Piperonyl butoxide suppressed resistance
to pyrethroid insecticides (>90%) in ﬁeld populations indicating that oxidases and/or esterases
play an important role in the reduction of pyrethroids toxicity. These results should be considered
in the current mosquitoes control programs in Riyadh.
ª 2010 King Saud University. All rights reserved.1. Introduction
The mosquito acts as one of the most important vectors of
some human diseases. The major vectors are members ofity. All rights reserved. Peer-
d University.
lsevierthe Culex, Aedes and Anopheles genera. All these genera are
found in Saudi Arabia (Bu¨ttiker, 1981; Hemingway et al.,
1990; Abdullah and Merdan, 1995; Jupp et al., 2002; El-Khe-
reji, 2005; Al-Ghamdi et al. 2008). Cx. pipiens (Diptera: Culic-
idae) populations are found worldwide and they transmit
many serious pathogens (i.e. ﬁlariasis, West Nile virus and
others) to man and his domestic animals (Eldridge et al.,
2000; Vingradova, 2000; Turell et al., 2001; CDC, 2002; Cui
et al., 2006; Kasai et al., 2008). In Saudi Arabia, Cx. pipiens
is abundant in Riyadh region (Alahmed and Kheir, 2005; El-
Khereji, 2005; Alahmed et al., 2007; El-Khereji et al., 2007),
and it was found to be potential vector of bancroftian ﬁlari-
asis (Omer, 1996).
96 A.S. Al-SararPyrethroid and organophosphate insecticides are used
extensively to control disease vectors (Berman, 2001; Al-Sarar
et al., 2005; Hardstone et al., 2006; Daaboub et al., 2008).
However, mosquitoes developed resistance to all insecticide
classes (Hemingway et al., 1990; Peiris and Hemingway,
1990; Bissat et al., 1997; Xu et al., 2005). Insecticide resistance
is the main cause for the failure of control programs aiming to
eradicate disease vectors (WHO, 1976). The appearance of Rift
Valley fever in 2000 (Jupp et al., 2002) and Dengue fever in
2004 (Ayyub et al., 2006) in Saudi Arabia led to extensive
application of insecticides to combat all mosquito species. This
action initiates insect resistance and accelerates the level of
developed resistance. Therefore, this work was conducted to
detect insecticide resistance in Cx. pipiens ﬁeld populations in
Riyadh City, Kingdom of Saudi Arabia.Figure 1 Map of Riyadh, locations of Cx. pipiens ﬁeld popul2. Materials and methods
2.1. Mosquitoes
Laboratory strain of Cx. pipiens (S-LAB) was obtained from
the High Institute of Public Health, Alexandria University,
Egypt and maintained in our laboratory for more than seven
years. Field populations of Cx. pipiens complex were collected,
as egg-rafts, from one location (a) at the north in AL-Wadi
district (AL-W strain) and from 2 locations (b and c) in Wadi
Namar south of Riyadh for WN1 and WN2 strains, respec-
tively as shown in Fig. 1. Collected eggs were allowed to hatch
under laboratory conditions and the hatched larvae were fed
on mouse feed until they reached the late 3rd and early 4th lar-
val instars.ations collection: (a) Al-Wadi and (b and c) Wadi Namar.
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Fenvalerate (Etenax 20% EC; APCO Co. Riyadh, Saudi Ara-
bia). deltamethrin (K-Othrine EC15; BAYER Environmental
Science SAS. France), lambda-cyhalothrin (Icon 2.5 EC;
BAYER Environmental Science SAS. France). beta-cyﬂuthrin
(Scidco-Beta 25% EC; SCIDCO Co. Riyadh, Saudi Arabia)
and bifenthrin (Bifentor 2.5% EC; APCO Co. Riyadh, Saudi
Arabia), fenitrothion (Scidco Residual 50% EC; SCIDCO
Co. Riyadh, Saudi Arabia). All insecticides were obtained
from Riyadh municipality, department of health protection.
Piperonyl butoxide (PBO) was a gift from SCIDCO Co.,
Riyadh, Saudi Arabia.
2.3. Larval bioassay
The efﬁcacy of the selected insecticides against tested mosquito
strains was tested according to Al-Sarar et al. (2005). Twenty
mosquito larvae were placed in 200 ml glass beaker containing
100 ml of distilled water. A serial of test concentrations,
dissolved in ethanol, were added to give the aimed ﬁnal con-
centrations and stirred quietly with a glass rod. Each concen-
tration was triplicated. Three beakers served as control
received only the solvent. One ppm of PBO was added to all
synergized treatments. Dead larvae were counted 24 and 48 h
after treatment; larvae that did not move when touched with
a thin needle were considered dead.
2.4. Acetylcholinesterase (AChE) activity
AChE activity in whole larvae was estimated according to the
procedure described by Ellman et al. (1961). Field strain was
treated with different concentrations of fenitrothion for
150 min, control larvae were treated with solvent only. Control
and treated larvae were homogenized with cold phosphate buf-
fer (0.1 M, pH 8). The homogenate was centrifuged at
10,000 rpm for 10 min at 4 C. The supernatant was decanted,
kept on ice and used as the crude enzyme preparation. In 10 ml
glass test tubes 100 ll of the crude enzyme was added to 2.8 ml
of phosphate buffer (pH 8) and 100 ll DTNB (0.01 M in phos-
phate buffer, pH 7) was added; the reaction was initiated with
the addition of 30 ll of ATChI (75 mM). Absorbance was re-
corded at 412 nm after 10 min using a Shimadzu UV-1201
spectrophotometer. Blank contained the same components
except the substrate. AChE activity was estimated, using theTable 1 Toxicity of fenvalerate and deltamethrin to Cx. pipiens an
Insecticide Strain LC50 ppm (95% CL) LC95
Fenvalerate S-LAB 0.0049 (0.0035–0.0062) 0.046
WN1 0.015 (0.014–0.017) 0.042
WN2 0.019 (0.016–0.023) 0.16
Fenvalerate + PBO WN1 0.00076 (0.00065–0.0009) 0.004
WN2 0.0018 (0.0015–0.0021) 0.011
Deltamethrin S-LAB 0.0007 (0.0005–0.0009) 0.006
WN1 0.131 (0.121–0.142) 0.262
WN2 0.113 (0.096–0.133) 0.63
Deltamethrin + PBO WN1 0.01 (0.009–0.011) 0.032
WN2 0.003 (0.0024–0.0048) 0.049
RR50, resistance ratio at LC50 (RR50 = LC50 of ﬁeld population/LC50 of S
in presence of PBO); RS (%), resistance suppression % (RS (%) = [1 extinction coefﬁcient of 13,600 M1 cm1 for the 2-nitro-5-
thiobenzoate anion. Each treatment was replicated 2·. Protein
content was determined in whole larval homogenate by the
method of Lowry et al. (1951).
2.5. Data analysis
Mortality percentages were determined and corrected using
Abbott’s formula (1925). Data were analyzed using Ldp line
program based on Finney (1971). Values of LC50, LC95, conﬁ-
dence limits at 95% and slopes were computed. Resistance ra-
tio at LC50 (RR50 = LC50 of ﬁeld population/LC50 of S-LAB)
and synergism ratio at LC50 (SR50 = LC50 in absence of PBO/
LC50 in presence of PBO) were calculated. The percent of resis-
tance suppression by PBO was calculated according to the
equation of Thomas et al. (1991) which is: resistance suppres-
sion (%) = [1  (LC50 in presence of PBO/LC50 in absence of
PBO)] \ 100.
3. Results
Toxicity of fenvalerate and deltamethrin to laboratory and
ﬁeld populations of Cx. pipiens, synergistic effect of PBO
and resistance level of ﬁeld populations are presented in Ta-
ble 1. LC50 values of fenvalerate against S-LAB, WN1 and
WN2 populations were 0.0049, 0.015 and 0.019 ppm respec-
tively. Field populations WN1 and WN2 exhibited tolerance
to fenvalerate with low RR50 of 3.06 and 3.9 folds. The addi-
tion of PBO increased the toxicity by 19.7-folds for WN1
(LC50 = 0.00076 ppm) and 10.5 times for WN2 (LC50 =
0.0018 ppm). Consequently, resistance status in ﬁeld popula-
tions were reduced and RR50 values were 0.15 and 0.37 for
WN1 and WN2, respectively, with suppression of resistance
by 95% and 91%, respectively. Deltamethrin was more toxic
than fenvalerate to S-LAB (LC50 = 0.0007 ppm); however, it
was less toxic to both WN1 and WN2 with LC50 values of
0.131 and 0.113 ppm. High level of resistance was recorded
for WN1 (187.1-folds) and for WN2 (161.4-folds). Resistance
level was reduced to 14.3- and 4.3-folds for WN1 and WN2
when PBO was added, with resistance suppression of 93%
and 98% respectively. PBO synergized deltamethrin toxicity
against WN1 and WN2 populations (Table 1) by 13.1 and
37.7 times, respectively.
LC50 values of beta-cyﬂuthrin against S-LAB and AL-W
strains 24 h post-treatment were 0.0053 and 0.074 ppm,d synergistic effect of piperonyl butoxide.
ppm (95% CL) Slope ± SE RR50 SR50 RS (%)
(0.028–0.119) 1.689 ± 0.287
(0.033–0.05) 3.96 ± 0.213 3.06
(0.11–0.24) 1.8 ± 0.034 3.9
(0.003–0.005) 2.28 ± 0.047 0.15 19.7 95
(0.0075–0.016) 2.1 ± 0.05 0.37 10.5 91
6 (0.004–0.019) 1.683 ± 0.302
(0.226–0.304) 5.44 ± 0.245 187.1
(0.39–1.04) 2.21 ± 0.103 161.4
(0.024–0.043) 3.2 ± 0.193 14.3 13.1 93
(0.025–0.098) 1.35 ± 0.03 4.3 37.7 98
-LAB); SR50, synergism ratio (SR50 = LC50 in absence of PBO/LC50
(LC50 in presence of PBO/LC50 in absence of PBO)] \ 100).
98 A.S. Al-Sararrespectively, with RR50 equal to 14 folds (Table 2). PBO re-
duced the LC50 of beta-cyﬂuthrin to 0.0049 ppm
(RR50 = 0.92). Lambda-cyhalothrin was the most toxic insec-
ticide to both S-LAB and AL-W strains with LC50 values of
0.0017 and 0.0065 ppm, respectively. AL-W strain was tolerant
to lambda-cyhalothrin with RR50 equal to 3.8. Addition of
PBO increased the toxicity by 16.2-folds (LC50 = 0.0004 ppm,
RR50 = 0.23). PBO suppressed the resistance to both beta-cyf-
luthrin and lambda-cyhalothrin by 94%. Bifenthrin LC50 val-
ues were 0.0087 ppm for S-LAB and 0.334 ppm for AL-W
strains. The highest resistance status of AL-W strain was to
bifenthrin (RR50 = 38.4). PBO increased the toxicity of bif-
enthrin by 45.7-folds (LC50 = 0.0073 ppm, RR50 = 0.84 and
RS = 98%).
The same parameters reported in Table 2 are shown in
Table 3 with values obtained 48 h post-treatment. LC50 values
of beta-cyﬂuthrin against S-LAB and AL-W strains were
0.0028 and 0.069 ppm, respectively exhibiting lower values
than that estimated after 24 h of treatment (RR50 = 24.6).Table 2 Toxicity of some pyrethroid insecticides to Cx. pipiens aft
Insecticide Strain LC50 ppm (95%CL) LC
Beta-cyﬂuthrin S-LAB 0.0053 (0.0039–0.0072) 0.9
AL-W 0.074 (0.059–0.098) 0.2
Beta-cyﬂuthrin + PBO AL-W 0.0049 (0.0035–0.007) 1.6
Lambda-cyhalothrin S-LAB 0.0017 (0.0014–0.002) 0.0
AL-W 0.0065 (0.0057–0.0075) 0.0
Lambda-cyhalothrin + PBO AL-W 0.0004 (0.0003–0.0004) 0.0
Bifenthrin S-LAB 0.0087 (0.0072–0.011) 0.1
AL-W 0.334 (0.223–0.532) 1.8
Bifenthrin + PBO AL-W 0.0073 (0.0015–0.015) 1.1
RR50, resistance ratio at LC50 (RR50 = LC50 of ﬁeld population/LC50 of S
in presence of PBO); RS (%), resistance suppression % (RS (%) = [1 
Table 3 Toxicity of some pyrethroid insecticides to Cx. pipiens aft
Insecticide Strain LC50 ppm (95% CL)
Beta-cyﬂuthrin S-LAB 0.0028 (0.0019–0.004)
AL-W 0.069 (0.054–0.09)
Beta-cyﬂuthrin + PBO AL-W 0.0028 (0.0019–0.004)
Lambda-cyhalothrin S-LAB 0.0011 (0.0009–0.0013)
AL-W 0.0045 (0.0038–0.0052)
Lambda-cyhalothrin + PBO AL-W 0.0002 (0.0002–0.0002)
Bifenthrin S-LAB 0.0039 (0.0016–0.0081)
AL-W 0.225 (0.19–0.269)
Bifenthrin + PBO AL-W 0.0003 (0.0000048–0.0026)
RR50, resistance ratio at LC50 (RR50 = LC50 of ﬁeld population/LC50 of S
in presence of PBO); RS (%), resistance suppression % (RS (%) = [1 
Table 4 Toxicity of fenitrothion to Cx. pipiens and its inhibition e
Insecticide Strain LC50 ppm (95%CL) Slope ±
Fenitrothion S-LAB 0.116 (0.101–0.131) 2.62 ±
WN1 0.198 (0.175–0.224) 2.32 ±
RR50, resistance ratio at LC50 (RR= LC50 of ﬁeld population/LC50 of SPBO reduced RR50 to 1 and LC50 to 0.0028 ppm. Lambda-
cyhalothrin was the most toxic one with LC50 values 0.0011
and 0.0045 ppm against S-LAB and AL-W populations,
respectively. AL-W strain was tolerant to lambda-cyhalothrin
(RR50 = 4.09). PBO reduced RR50 to 0.18 and increased the
toxicity by 22.5-folds (LC50 = 0.002 ppm). PBO suppressed
the resistance to both beta-cyﬂuthrin and lambda-cyhalothrin
by 96%. LC50 values of bifenthrin decreased, compared to
those of 24 h post treatment, that were 0.0039 and
0.225 ppm for S-LAB and AL-W strains respectively. In con-
trast, the resistance of AL-W strain increased to bifenthrin
(RR50 = 57.7). Remarkable increase in bifenthrin toxicity
was observed (LC50 = 0.0003 ppm) as a result of PBO addi-
tion (SR50 = 750) and a dramatic resistance suppression
(99.87%) was observed.
Data in Table 4 shows the toxicity of fenitrothion against
S-LAB and WN1 populations as well as the inhibitory effect
on AChE activity. The LC50 values of fenitrothion against
Cx. pipiens S-LAB and WN1 populations were 0.116 ander 24 h of exposure.
95 ppm (95%CL) Slope ± SE RR50 SR50 RS (%)
36 (0.331–4.903) 0.731 ± 0.088
93 (0.233–0.5) 7.763 ± 0181 14
26 (0.471–12.988) 0.653 ± 0.086 0.92 15.1 94
21 (0.014–0.039) 1.483 ± 0.135
34 (0.025–0.052) 2.309 ± 0.224 3.8
025 (0.0018–0.0039) 1.985 ± 0.18 0.23 16.2 94
15 (0.072–0.22) 1.466 ± 0.129
9 (1.305–4.737) 2.186 ± 0.149 38.4
84 (0.489–8.651) 0.744 ± 0.152 0.84 45.7 98
-LAB); SR50, synergism ratio (SR50 = LC50 in absence of PBO/LC50
(LC50 in presence of PBO/LC50 in absence of PBO)] \ 100).
er 48 h of exposure.
LC95 ppm (95% CL) Slope ± SE RR50 SR50 RS (%)
0.954 (0.304–6.454) 0.651 ± 0.086
0.252 (0.204–0.428) 2.918 ± 0.193 24.6
0.955 (0.304–6.471) 0.651 ± 0.086 1 24.6 96
0.016 (0.011–0.026) 1.432 ± 0.125
0.03 (0.022–0.05) 1.983 ± 0.218 4.09
0.0011 (0.0008–0.0017) 2.290 ± 0.248 0.18 22.5 96
0.044 (0.044–0.501) 1.567 ± 0.129
1.195 (0.855–1.886) 2.258 ± 0.193 57.7
0.236 (0.12–2.013) 0.572 ± 0.18 0.08 750 99.87
-LAB); SR50, synergism ratio (SR50 = LC50 in absence of PBO/LC50
(LC50 in presence of PBO/LC50 in absence of PBO)] \ 100).
ffect on AChE activity.
SE RR50 I50 ppm (95%CL) Slope ± SE
0.04 0.078 (0.053–0.113) 1.16 ± 0.024
0.037 1.7 0.073 (0.05–0.09) 1.43 ± 0.027
-LAB).
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I50 values were very close (0.078 and 0.073 ppm for S-LAB and
WN1 respectively).4. Discussion
The present study revealed low resistance levels of Cx. pipiens
WN1 and WN2 populations to fenvalerate and high resistance
levels (187.1- and 161.4-folds) to deltamethrin. Four years ear-
lier, resistance ratios of 10- and 8.5-folds of Cx. pipiens popu-
lations from Irqa and EL-Naﬂ localities in Riyadh city, were
recorded to deltamethrin (Al-Sarar et al., 2005). In agreement
with the present results, high resistance levels of Cx. pipiens
pipiens (233 and 453 fold) to deltamethrin were reported in
Tunisia (Daaboub et al., 2008). The ﬁeld population AL-W
displayed low level of resistance to lambda-cyhalothrin and
moderate levels to beta-cyﬂuthrin and bifenthrin. Low resis-
tance level was also reported in Cx. quinqefasciatus ﬁeld strain
from Brazil (Gonza´lez et al., 1999) and Malaysia (Nazni et al.,
2005) against lambda-cyhalothrin. The AL-W population was
susceptible to fenitrothion. This might be contributed to that
the municipality of Riyadh does not use this compound regu-
larly. The I50 values of AChE, the target site of fenitrothion,
revealed that susceptibilities of S-LAB and WN1 populations
were very close. In Sri Lanka, AChE was also found to be sen-
sitive to organophosphate insecticides in Kurunegala and Trin-
comalee An. culicifacies ﬁeld populations (Perera et al., 2008).
PBO is a pesticide synergist and acts as a potent inhibitor to
cytochrome P450 and non-speciﬁc esterase (Moores et al.,
2009). The present data showed a dramatic suppression of
resistance (>90%) when PBO was combined with all tested
Pyrethroid insecticides, suggesting that P450 monooxygenase-
and non-speciﬁc esterase-mediated detoxiﬁcation contributes
to pyrethroids resistance in WN1, WN2 and AL-W ﬁeld pop-
ulations. McAbee et al. (2003) reported that pyrethroid resis-
tance developed in Cx. pipiens from California, was almost
completely suppressed by PBO, suggesting the involvement
of cytochrome P450- and carboxylesterase-mediated detoxiﬁ-
cation in resistance. Using the same synergist, Penilla et al.
(2007) demonstrated that monooxygenases were responsible
for nearly 80% of deltamethrin resistance in Anopheles albim-
anus. Moores et al. (2009) demonstrated that PBO not only
inhibits microsomal oxidases but also resistance-associated
esterases. The ability to inhibit both major metabolic resis-
tance enzymes makes PBO an ideal synergist to enhance
insecticides.
In summary, the present results indicate that PBO is an
effective synergist to pyrethroid insecticides and it enhances
their toxicity against Cx. pipiens resistant populations. Mixing
PBO with pyrethroids minimizes the amount of applied insec-
ticides and leads to economic and environmental beneﬁts. The
results of the present study should be considered in the current
control programs to combat mosquitoes in Saudi Arabia.References
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